Summary Of 139 node-positive breast cancer patients treated with adjuvant chemotherapy, the pre-treatment levels of glutathione S-transferase (GST) classes alpha, mu and pi, were determined by immuno-quantification on Western blots in cytosols of the primary tumours. Their expression was studied with respect to cytosolic oestrogen-receptor, progesterone-receptor and cathepsin D levels, and to the length of disease-free survival. GST class pi was negatively correlated with oestrogen receptor and progesterone receptor, and positively correlated with cathepsin D. There was no correlation between GST isoenzymes and the length of disease-free survival. These data suggest that glutathione S-transferases are not useful as markers to predict the response to adjuvant chemotherapy in human breast cancer.
chemotherapeutic treatment of breast cancer patients in the future, it is essential to establish which mechanisms are responsible for drug resistance, and in addition, to define reliable indicators of response to treatment in individual patients. A wide variety of mechanisms have been implicated in the aetiology of resistance to cytotoxic drugs (Harris, 1990) , including the action of detoxifying enzymes such as glutathione S-transferases (Waxman, 1990; Tsuchida & Sato, 1992) . This family of enzymes is involved in the biotransformation of a wide variety of compounds, including several chemotherapeutic drugs (Dulik et al., 1986; Wolf et al., 1986; Cazenave et al., 1989; Bolton et al., 1991; Ciaccio et al., 1991; Yuan et al., 1991) . Glutathione S-transferases are divided into three classes of enzymes called alpha, mu and pi, each consisting of several isoenzymes (Mannervik & Danielson, 1988; Vos & van Bladeren, 1990) .
Class pi and mu glutathione S-transferases are expressed in the majority of both normal and tumourous breast tissue whereas class alpha enzymes are absent or hardly detectable in the majority of specimens (Howie et al., 1989 and Forrester et al., 1990; Shea et al., 1990; Terrier et al., 1990; Campbell et al., 1991; Kantor et al., 1991) . In primary breast tumours the level of glutathione Stransferase pi was found to be inversely related with the level of oestrogen receptor (ER) (Moscow et al., 1988) , and in breast tumour cells in vitro overexpression of class pi glutathione S-transferase has been implicated with multidrug resistance (Cowan et al., 1986) .
Cathepsin D, an enzyme generally overexpressed in breast cancer cells under oestrogen stimulation in ER-positive cells and constitutively overexpressed in ER-negative cells, has been shown to be associated with increased risk of developing metastasis (Rochefort, 1992) . Moreover, cathepsin D might be associated with chemoresistance (Namer et al., 1991) , but no relationships with glutathione S-transferases have yet been reported in the literature.
In the present study we examined the relationships between the pre-treatment glutathione S-transferase class alpha, mu and pi levels in primary breast tumours and patient and tumour characteristics, including steroid-receptor and cathepsin D status, and the length of disease-free survival following adjuvant chemotherapy. Group, 1980) , and as described before . Cathepsin D was measured by radiometric immunoassay kits (ELSA-CATH-D; kindly provided by Dr B. Thirion, CIS bio International. Gif-sur-Yvette, France).
Patients and methods

Patients
Quantification ofglutathione S-transferases class alpha, mu and pi Cytosolic fractions of tumour tissue were subjected to SDS polyacrylamide gel electrophoresis and subsequently to Western blotting as described before (Peters et al., 1992) . Western blots were incubated with monoclonal antibodies against glutathione S-transferase class alpha (Peters et al., 1992) , class mu (Peters et al., 1990a) and class pi (Peters et al., 1989) . The specific binding of the monoclonal antibodies to their antigens was determined as previously described (Peters and Jansen, 1988) . Staining intensity was quantified by densitometry (Ultroscan XL, LKB, Bromma, Sweden) using purified glutathione S-transferases as marker proteins (see legend of Figure 1 ). The detection limit of the method described above is approximately 40 ng mg' protein. Class pi glutathione S-transferase was quantified in tumour samples from all 139 patients. Due to limited amounts of protein, glutathione S-transferase class mu and alpha were analysed in 138 and 132 patient samples, respectively.
Statistics
Associations between glutathione S-transferases and patient and tumour characteristics were studied with Spearman rank correlations and with cross-tabulations after division of the range of values of the GST parameters in two or three classes. The division in two or three classes was done in order to study the possibility of a trend and to visualise this with survival curves. The Kurskal Wallis test was used to test for differences in the distribution of GST values in different classes defined by patient and tumour characteristics. Disease-free and overall survival probabilities were calculated by the actuarial method of Kaplan and Meier. The univariate Cox regression model was used to test for differences and trend.
Results
Incidence ofpositivity and levels ofglutathione S-transferases Cytosolic protein levels of glutathione S-transferases class alpha, mu and pi were determined after immunodetection with monoclonal antibodies on Western blots. Examples of the respective immunoblots are shown in Figure were subjected to SDS polyacrylamide gelelectrophoresis (11% acrylamide; w/v) Figure 2 ). The associations between the levels of GST-alpha with those of GST-mu and GST-pi are shown in Table I . Tumours were classified as negative (below detection limit) or positive for GST-alpha. Regarding GST-mu, tumours were divided into three groups, i.e. one group negative for GSTmu and two groups containing detectable levels of GST-mu 0 E te.
.0 E 2 Figure   3 . Table II . Although no statistically significant associations (KruskalWallis test) of any of the three subclasses of GST with clinical parameters were observed, GST-alpha was more often not detectable in small tumours, i.e. TI-tumours were positive for GST-alpha in only four out of 46 cases (9%), as compared with 17 out of 55 (31%) T2-tumours and with seven out of 28 (25%) T3/T4-tumours. Regarding an association between GST and other cytosolic factors, the highest GST-pi levels were found more frequently in ER-negative (P = 0.05) and PgR-negative tumours (P <0.03), and in tumours with high cathepsin D concentrations, although in the latter case this association was not statistically significant.
Of the ER-negative or PgR-negative tumours, 47% contained high GST-pi concentrations as compared with 26% of ERpositive or PgR-positive tumours (Table II) . The associations between GST-pi and ER, PgR and cathepsin D, are visualised by scatterplots in Figure 4 . A very weak negative relationship between GST-pi and ER (Spearman correlation coefficient: Rs = -0.17, 2P <0.05) and PgR (Rs = -0.13, N.S.) levels, and in addition a very weak positive relationship between GST-pi and cathepsin D (Rs = + 0.17, 2P <0.05) levels were observed. GST-mu and GST-alpha concentrations were not significantly related with those of ER, PgR or cathepsin D.
Glutathione S-transferases and (disease-free) survival The levels of none of the three classes of glutathione Stransferase studied appeared to be associated with the length of disease-free survival after the administration of adjuvant chemotherapy, as is shown by Kaplan-Meier curves in Figure  5 . Univariate P-values in Cox univariate regression analyses were 0.27, 0.24, and 0.72, respectively, for GST-alpha, -mu and -pi. Also in Cox regression analyses for overall survival, none of the GST's studied was associated with the rate of death (P-values ranging from 0.42 to 0.63). approximately 40% of a normal Caucasian population has been implicated with an increased risk for developing lung carcinomas in smokers (Seidegard et al., 1990) . In addition, increased cytogenetic damage was observed in in vitro studies with glutathione S-transferase mu deficient human blood cells (Wiencke et al., 1990; van Poppel et al., 1992 Table I. markers for patients to be treated with adjuvant chemotherapy. Adjuvant chemotherapy with CMF is especially effective in premenopausal patients but also significantly in the age group of 50-60 years-old (Early Breast Cancer Trialists' Collaborative Group, 1992) , to which category a small minority of our patients belong. The higher efficacy in younger patients compared to patients over 60 years of age is possibly related to an endocrine mechanism of action, namely chemical castration. Whether the glutathione S-transferases are relevant in patients receiving hormonal therapy or no treatment needs to be investigated. In a very preliminary study on 34 patients with ER-positive locally advanced breast cancer, Dorian-Bonnet et al. (1992) found that 12 patients with an objective response to tamoxifen showed significant lower GST-pi levels in their tumour than the other non-responding patients. Our results are in good agreement with a recent study in 68 patients with advanced breast cancer receiving mitozantrone therapy. In this study of Wright et al. (1992) , using an immunohistochemical method to assess GST status, no correlation between glutathione S-transferase alpha, mu or pi content of the primary tumour and the response rate or duration of response could be detected. Also in an in vitro chemosensitivity study on primary breast cancer tissue from untreated patients, no correlation between drug (doxorubicin) sensitivity and glutathione S-transferase (pi) was observed (Keith et al., 1990) . For patients with ovarian cancer, large changes in glutathione S-transferase enzyme activity or isoenzyme (alpha, mu and pi) expression were not likely to be a major determinant of resistance to chemotherapy (Murphy et al., 1992) . In addition, a lack of a role of glutathione Stransferase pi in drug resistance of malignant ovarian tumours to platinum/cyclophosphamide chemotherapy has recently been reported (van der Zee et al., 1992) . In contrast to many other tumour types such as tumours from the lung (Howie et al., 1990) , stomach (Peters et al., 1990b) , colon (Peters et al., 1992) , or ovary (Murphy et al., 1992) , breast tumours do not express higher levels of glutathione S-transferases as compared to their corresponding normal tissues (Howie et al., 1990 : Tsuchida & Sato, 1992 . Thus the transformed breast cell in this respect is similar to the normal breast cell which also argues against a role for glutathione S-transferase with respect to malignant transformation and drug resistance of the breast (tumour) cells.
In conclusion, the lack of an association of glutathione S-transferases with the length of disease-free survival following adjuvant CMF chemotherapy of patients with primary breast cancer, suggests that these detoxifying enzymes are not useful in selecting patients who may benefit from adjuvant CMF chemotherapy. In view of the fact that no control group was included in this study, a possible prognostic (instead of predictive) value of glutathione S-transferases in an untreated patient population cannot totally be excluded.
